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A portable, battery operated, inhalation device for administration of 
medicament in the fonn of aerosolised fine paitides or droplets of liquid or 
suspension to the respiratoiy system of a patient, the device comprising a 
bousing defining a chamber in communication with a patient port in the fonn 
of a mouthpiece or nasal adaptor, medicament aerosolisation means for form- 
ing an aerosol of medicament in the chamber, control means to actuate the 
medicament aerosolisation means and a sensor which measures the air flow 
rate during respiration through the patient port and provides an electrical sig- 
nal to the control means which varies continuously with said flow rate, said 
electrical signal being used by the control means for one or more of the follow- 
ing functions: (i) to calibrate the device such that the medicament aerosolisa- 
tion means is actuated at a precise, pre-determined flow rate, (ii) to monitor 
one or more of the following parameters: (a) flow rate at diftercnt times dur- 
ing resph^tion, (b) rate of change of flow rate during respiration, (c) respired 
volume during respiration, and activate the aerosolisation means when a pre- 
determined inspiration parameter is attained. 
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INHAIATION DEVICE 

This invention relates to an inhalation device for 
administration of medicament in the form of aerosolised 
5 solid particles or droplets of liquid or suspension. In 
particular the invention relates to such devices which 
are actuated to dispense medicament in response to the 
patient's inspiration. 

10 Asthma and other respiratory diseases have long been 

treated by the inhalation of appropriate medicament. For 
many years the two most widely used and convenient 
choices of treatment have been the inhalation of 
medicament from a drug solution or suspension in a 

15 metered dose pressurised inhaler (MDI) , or inhalation of 
powdered drug generally admixed with an excipient, from a 
dry powder inhaler (DPI) . 

Inhalation activateible dispensers for use with 
aerosol containers which contain medicament and are 

20 pressurised with liquid propellants and are equipped with 
a metering valve through which a plurality of metered 
doses may be dispensed are known, their general purpose 
being to afford proper co-ordination of the dispensing of 
a dose of medicament with the inhalation of the patient 

25 thereby allowing the maximum proportion of the dose of 
medicament to be drawn into the patient's bronchial 
passages. Examples of such dispensers 2ure described in 
British Patent Specification Nos* 1,269,554, 1,335,378, 
1,392,192 and 2,061,116 and United States Patent Nos. 

30 3,456,644, 3,456,645, 3,456,646, 3,565,070, 3,598,294, 

3,814,297, 3,605,738, 3,732,864, 3,636,949, 3,789,843 and 
3,187,748 and German Patent No. 3,040,641. 

European Patent No. 147028 discloses an inhalation 
activatable dispenser for use with an aerosol container 

35 in which a latch mechanism releasing vane is pivotally 

mounted in an air passage between an aerosol outlet valve 
and a mouthpiece, which latch mechanism cannot be 
released if force to activate the dispenser is not 
applied before a patient inhales. 
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The dispenser generally comprises a housing having a 
mouthpiece and an air passage therethrough terminating at 
the mouthpiece, the housing being adapted to receive an 
aerosol container and having a support block with a 
socket adapted to receive the stem of the valve of the 
aerosol container and a through orifice communicating 
between the socket and the air passage, and latch means 
having parts movable between an engaged position in which 
movement, of the container and the support block toward 
each other upon the application of a force to bias the 
container and the support block toward each other is 
prevented and a release position in which movement of the 
container and the support block toward each other in 
response to said force is permitted causing the stem to 
15 move to its inner discharge position, the latch means 
comprising a vane mounted on the housing in the air 
passageway between the orifice and the mouthpiece for 
movement toward the mouthpiece under the influence of 
inhalation through the mouthpiece to release the latch 
20 means in which the vane moves toward the mouthpiece from 
a blocking to a non-blocking position with respect to the 
passageway in response to inhaling at the mouthpiece and 
releases the latch means only during the application of 
said force to bias the container and support block toward 
25 each other. 

This inhalation device has been received favourably 
by patients and doctors since it not only overcomes the 
hand-lung co-ordination problem but it does so at a very 
low triggering flow-rate (approximately 30 litres/minute) 
essentially silently, and with a very compact design 
barely larger than a standard inhaler. 

U.S. Patent No. 4,648,393 discloses an electrically- 
operated metered-dose inhaler in which a mechanical valve 
blocking means is withdrawii by the actiSn of a solenoid 
moving in response to the closing of a switch; the switch 
constitutes an electromechanical breath-actuation means 
which responds to inhalation by the patient. WO87/04354 
discloses a medical dosing device for discharge of 
medicament for inhalation which comprises a handheld 



30 
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holder for a medicine container from which medicine is 
discharged via a valve into an air channel for inhalation 
by means of initiation of an activation device. The 
valve is operationally connected with a control unit 
5 arranged on initiation of the activation device to 

control the discharge valve for intermittent opening and 
closing repeatedly within an inhalation period. The 
control tinit is an electronically controlled unit which 
activates an electrically controlled discharge valve. 

10 In both cases the inhalation detection is achieved 

by electromechemical means, involving the rotation of a 
vane in response to inhalation and the use of this vane 
to close an electrical switch. 

A letter by T J Coady et al. to British Medical 

15 Journal (1976, 1 page 833) describes a standard 

pressurised aerosol modified to provide an electrical 
analogue of the release of the dose and of inspiration. 
The separate signals were fed to a two-channel recorder 
for study of the patient's inhalation technique. A paper 

20 by P J Chowienczyk et al. published by the British 
Thoracic Society (Summer Meeting, July 13-15th 1988, 
University of Newcastle upon Tyne: 36, Abstract No. P30) 
describes a placebo inhaler with a flow sensor, also used 
to assess patient inhaler technique. Neither of these 

25 devices control the release of medicament. 

"Deposition and effects of Inhalation Aerosols", 
S,P. Newman, Dept of Thoracic Medicine, Royal Free 
Hospital, (1983) discloses an automatic computer- 
controlled aerosol inhalation system in which a standard 

30 pressurised aerosol was connected in series with a 

Fleisch size 2 heated pneumotachograph and an actuator 
comprising a computer controlled solenoid operating 
system. The differential pressure signal from the 
pneumotachograph was fed to a 10mm H2O pressure 

35 transducer and then amplified (SE Laboratories Electro- 
Medical Multi-Channel Amplifier system) . The flow rate 
signal was fed via a matching amplifier to the Analogue- 
to-Digital Converter (ADC) of a Varian V-77 200 computer, 
which was also equipped with a 32K word central processor 
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unit .„a storage facilities on both ^,„etic tape and 
dxso A cloc* pulse was supplied to the ADC fro:, a 

rate readings every 5 ^nseo. The flow rate signal was 
S integrated hy the colter to give inhaled .o^Z^ 
the aerosol canister could be actuated during the c™«e 

B^t ; o^""! being 

10 ^ l Of Vital capacity b^a 

10 co^er programme written in Fortran. CoJnlcation L 

~in al^ed With the colter via a Ha^eltiT^:" ° ^ 

c::i :se""^" " '■-^^^ - - 

" r'""""''' -edicoBent is 

m D.s Patent Mos. 3,948,264, 3,971,377 and 4 147 166 
having a reservoir of dry powder from which unit doses 

svsteT"'T"' ' '^''^^ °* ' aelive^ 

eyste., such as a rotating perforated »e«brane in^ich 
the perforations are fUled with powder f ro. :he 
reservoir, are disclosed in British Patent Application 
HOS. 2102295 and 2144997 anrt cs. application 
- HOS. 6971=. 7,47, Z ZsT. ''"' 

Ao„. °'!; ""^ ^-^opean Patent 

Application «o. 239602 and British Patent AODllc.^• 

HOS. 210B390, 2122903 and 21669S7 disc::set^: 1„ 

0 a^ : '""^'""'^ °^ ""^"Ving 

0 atnosphere e.g. insecticides, deodorants «,! aro»^ttcs 
are vaporised for dispersion to the atmosphere^e 
active substance is carried or impregnated on a or 

IZVZT'^ °' " '"''^'^ ^^^^ --'-^^l- a 
5 T ''"""^^^^i"" "e conductea at anbient 

= temperature or under administration of localised T 
by a vaporising head. The substance I Zt^. T 
inactive condition until the belt passes^eT^T ^" " 
vaporising head whereby thermal release is achieved 
The belt may be moved to the vaporising head bHat or 
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at a fixed speed by a motor driving feed means through a 
reduction gear and is taken up by a shaft or spindle. In 
one embodiment the belt is contained in a cassette to 
provide a re-usable device, the cassette being engaged by 
5 drive means and having a suitable aperture for the belt 
to pass across the vaporising head. None of the 
vaporisers disclosed are suitable for delivering a 
predetermined unit dose of powdered solid medicaunent to a 
patient. 

10 Our co-pending International Patent Application No. 

PCT/US/90/02412 discloses a dry powder inhalation device 
comprising a housing defining a chamber in communication 
with a patient port in the form of a mouthpiece or nasal 
adaptor, and an elongate carrier bearing a powdered 

15 medicament, the device being constructed and airranged 
such that areas of predetermined size of the elongate 
carrier may sequentially be exposed within the chamber, 
the device comprising one or more air inlets such that 
when a patient inhales through the patient port an air 

20 flow is established from the air inlet (s) to patient port 
through the chamber such that particles of the powdered 
medicament of respirable size from said- exposed area of 
the elongate carrier are entrained within the air flow. 
The powder inhaler is capable of delivering 

25 multiple, uniform doses of a medicament to a patient and 
is simple to operate and does not require the patient to 
insert capsules of medicament or rely upon a separate 
reservoir of medicament in order to load the device for 
use. The medicaunent is preloaded on an elongate carrier, 

30 sections of which are passed sequentially into the 
chamber for dispensing the medicament. The elongate 
carrier may be conveniently loaded on a spool (in a 
similar manner to a photographic film) or in a cassette 
(in a similar manner to an audio cassette). The elongate 

35 carrier may have any ratio of length : width but is 

preferably greater than 5:1, more preferably greater 
than 50 : 1 and more prefereibly between 100 : 1 and 
1000 : 1. 
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A preferred device of this type includes means for 
releasing medicament from the carrier during inhalation 
triggered in response to the patient inhaling in order to 
avoid the patient having to synchronise inhalation and 
5 actuation of the release mechanism. Airflow detection 
may conveniently be accomplished by means of a movable 
vane positioned within the chamber or patient port, 
motion of the vane causing actuation of the release 
mechanism. Such a vane may also be constructed to 

10 prevent a patient exhaling through the device and/or 

preventing exhaled air from reaching the stored carrier 
thereby avoiding any problems associated with moisture. 

It has now been found that the use in a breath- 
actuated inhaler of a sensor which continuously measures 

15 the air flow rate during respiration and provides an 
electrical signal which varies continuously with flow 
rate provides significant advantages con5)ared to the 
inhalation detector system employed in the prior art 
inhalers . 

20 

Therefore according to the present invention there 
is provided a portable inhalation device for 
administration of medicament in the form of aerosolised 
fine particles or droplets of liquid or suspension to the 

25 respiratory system of a patient, the device comprising a 
housing defining a chamber in communication with a 
patient port in the form of a mouthpiece or nasal 
adaptor, medicament aerosol isation means for forming an 
aerosol of medicament in the chamber, control means to 

30 actuate the medicament aerosol isation means and a sensor 
which measures the air flow rate during respiration 
through the patient port and provides an electrical 
signal to the control means which varies continuously 
with said flow rate, said electrical signal being used by 

35 the control means for one or more of the following 
functions : 
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(i) to calibrate the device such that the 
medicament aerosol isat ion means is actuated at a precise, 
pre-determined flow rate, 

(ii) to monitor one or more of the following 
5 parameters : 

(a) flow rate at different times during 
respiration, 

(b) rate of change of flow rate during 
respiration, 

10 (c) respired volume during respiration, and 

activate the medicament aerosolisation means when a pre- 
determined inspiration pareuaeter is attained. 

The devices of the invention may be of the dry 
powder type, pressurised aerosol type or contain other 

15 aerosol generators. The devices of the invention are 

portable, pocket-size, battery operated devices which may 
continuously accompany patients such as asthmatics who 
may need medication at any time. 

The present invention extends the use of electrical 

20 sensing in breath-actuated inhalers beyond simply 

detecting the presence of air flow and using that to 
initiate- electromechanical actions. In the device of 
the invention the sensors continuously measure the air 
flow rate and the control means utilises the signals 

25 derived from the continuous measurement in a number of 
possible ways. Such sensors may take the form of flow 
sensors, e.g., those which measure the cooling effect of 
an air flow or those which measure the speed of rotation 
of a turbine in the air stream, or may incorporate 

30 pressure differential transducers, which sensors may be 
associated with mechanical, hydraulic, pneumatic (e.g. 
Pitot tubes) or other linkages to increase their 
sensitivity. The essential characteristic of such 
sensors is that they have an electrical output which 

35 varies continuously with flow rate. 

The output from the se.:3or, which may be 
linearised, is fed to either an analogue comparator 
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circuit or to digital electronics, depending upon the 
degree of sophistication of its intended use, which may 
include the following: 

Ose of continuous f low measurement sensm;.^ <•» 
^ facilitate accural-** cal jbi-a^-4 on of indiv^rin^ l 

devices . 

Electromechanical inhalation detection sensors of 
the kind already Jcnown in the prior art of inhalation 
devices operate ah electrical switch at a preset flow 
10 value determined by the mechanics of the system. 

Manufacturing variance in the mechanical components may 
result in a substantial device-to-device variability in 
the flow rate at which the sensors trigger, and, once 
manufactured, no adjustment is generally possible. The 
use of continuous measurement sensors in accordance with 
the invention facilitates the individual calibration of 
inhalation devices, so ensuring a very small device-to- 
device variation in actual triggering flow rate. Such 
calibration may be as simple as the manual adjustment of 
a potentiometer during manufacture, or it may be a fully 
automated part of the manufacturing process. In the 
latter case, the use of digital electronics is highly 
advantageous, permitting calibration to take the form of 
insertion of an individually determined calibration 
25 factor into memory. 

For example, an inhaler which uses a continuous 
sensing flow-transducer for single point detection of 
triggering flow and has the facility for factory 
calibration of the flow sensor output using analogue 
electronics may have the following arrangement: 

1. The air flow generated by the patient's 
inhalation is detected by the flow-transducer, which 
comprises one of the continuous sensing types described 
herein. The transducer produces a voltage output, Vt, 

35 which depends on the inhalation flow rate. 

2. The flow-transducer output voltage, VT, is 
adjusted by a pre-set calibration potentiometer to give a 
calibrated voltage output, Vc. 



20 
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3* The calibrated voltage, Vc, is fed to an 
analogue voltage comparator and associated logic 
circuitry. The comparator compares the input voltage, 
5 Vc, with a constant reference voltage. The latter 
voltage is fixed at a level corresponding to the 
calibrated output which would be produced by the flow- 
transducer at the triggering flow rate specified for the 
device. 

10 4. If the inhalation flow rate equals or exceeds 

the specified triggering flow rate, and hence Vc equals 
or exceeds the standard reference voltage, an output is 
obtained from the analogue comparator. This, in turn, 
results in an output from the associated logic elements 

15 which drives the electromechanical actuation mechanism 
and so actuates the aerosol valve, delivering a dose of 
medication to the patient's lungs. 

A production calibration facility for use with such 
an inhaler having analogue electronics may be arranged as 

20 follows: 

1. A reference air flow rate is generated by a 
flow generator consisting of a servo pump. This airflow 
is measured by a reference flow-transducer, which may 
consist of a Fleisch pneiimotachograph. 

25 2. The reference airflow is pulled from the 

mouthpiece of the inhaler being calibrated and the 
voltage output from the device's flow-transducer, scaled 
by its calibration potentiometer (Vc) , is fed to the 
voltage comparator of the calibration facility. 

30 3. The calibrated output Vc is compared with the 

voltage output from the reference flow-transducer, Vrt, 
in the comparator of the calibration facility. This 
comparator, with its associated logic, produces a voltage 
output, Vdiff , proportional to the difference between the 

35 two input voltages and this is fed to a stepper motor 
driver . 



wo 92/07599 



PCT/GB91/01868 



4. The stepper motor, which is mechcinically 
coupled to the potentiometer in the inhaler under 
calibration^ adjusts the potentiometer by an amoimt 
proportional to the output from the con^arator (and 

5 hence, proportional to the calibration error) . 

5. If a voltage difference (and hence, 
calibration error) continues to be detected by the 
comparator, the calibration facility continues to meOce 
finer adjustments to the inhaler's potentiometer setting 

10 until correct calibration results in a zero Vdiff • 

An inhaler which uses a continuous sensing flow- 
transducer for single point detection of triggering flow 
and incorporates digital electronics and has the facility 
for production calibration of the flow sensor output 

15 using digital electronics may have the following 
arrangement: 

1. The air flow generated by the patient's 
inhalation is detected by the flow-trsmsducer, which 
comprises one of the continuous sensing types described 

20 herein. The transducer produces a voltage output, Vt, 
which depends on the inhalation air flow rate. 

2. The voltage Vt is fed to an* analogue to 
digital converter which outputs a digital representation 
of this analogue input into a digital comparator and 

25 associated logic elements. 

3. The comparator compares the digital value 
representing Vt with a stored digital value supplied from 
the inhaler's memory. If the former value equals or 
exceeds the latter, a suitable drive output is 

30 generated. The stored digital value represents the 
specified triggering flow rate of the inhaler. 

4. The drive output is fed to the 
electromechanical actuation mechanism, which then 
operates to actuate the aerosol valve, so delivering a 

35 dose of medication to the patient's lungs. 

A production calibration facility for use with such 
an inhaler having digital electronics may be arranged as 
follows: 
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1. A reference air flow rate is generated by a 
flow generator consisting of a servo pump. This air flow 
is measured by the reference flow-trsmsducer, which may 

5 consist of a Fleisch pnetimotachograph. 

2. The reference air flow is pulled from the 
mouthpiece of the inhaler being calibrated and the 
voltage, Vt, from the inhaler's flow-transducer is fed, 
via an analogue to digital converter to the 

10 microprocessor of the calibration facility. 

3. The voltage output from the reference flow- 
transducer is converted to a digital output, which is 
also fed to the microprocessor. 

4. The microprocessor compares the two input 
15 values eoid computes the value which would be obtained 

from the inhaler at the specified triggering flow rate 
for the device. 

5. The computed value is stored in the inhaler's 
memory for use by its comparator in determining the 

20 inhalation triggering point. 

The above arrangements have advantages over the 
known prior art in terms of their potential for greatly 
reducing device-to-device variation in actual triggering 
flow rates by facilitating calibration of individual 

25 devices. 

Those inhalation sensors of the types disclosed 
which have no frictionally moving parts would also have 
the advantage of being much less susceptible to changes 
in use due to contamination or wear of surfaces^ etc. 

30 (B) Detection of increasing flow rate 

Detection of an increasing inhalation flow rate and 
its passage through two precise, pre-determined values 
within a given time period (Tmax) may be required before 
firing of the aerosol is triggered, so ensuring that, if 

35 the patient falters in their inhalation, the inhaler will 
not be triggered. A variant upon this method of use, 
should it be necessary to initiate the firing sequence as 



wo 92/07599 



12 



PCT/GB91/01868 



early in the inhalation as possible, is to initiate the 
sequence as soon as the lower threshold is detected but 
abort the sequence if the upper threshold has not been 
5 reached just prior to actuation of the drug delivery 
mecuis. 

An inhaler which requires the detection of dual 
threshold flow rate values having analogue circuitry may 
be arremged as follows t 

0 !• A flow-transducer, comprising one of the 

continuous sensing types described herein, detects emd 
measures the inhalation flow rate and outputs a voltage, 
Vt, (which depends on the flow rate) which is fed to an 
analogue comparator and appropriate logic circuitry. 

5 2. When the comparator detects that Vt has 

reached, or exceeded, a constant reference voltage, Vrl 
(which equals the voltage output which woxild be produced 
by the flow-transducer at the lower threshold flow rate) , 
(Fl) , the timer is started. This timer is pre-set to ruii 

0 from a time Tmax, the maximum permitted time for the 
attainment of the upper threshold flow rate value, (F2) 
to a time zero (T=0) . 

3^. If the comparator detects that Vt has reached 
the second constant reference voltage, Vr2 (which equals 

5 the voltage output which would be produced by the flow 
transducer at the upper threshold flow rate, (F2) , before 
the timer reaches zero, a suitable output is sent to the 
electromechanical actuation module and an 'OK* indication 
is provided by means of a suitable display. 

0 4. If the timer times out (the timer reaches 

zero) before the comparator has detected that Vt has 
reached Vr2, no actuation output is produced and a 'FAIL' 
indication is set. 

5. If Vt reaches Vr2 before the timer reaches 

5 zero, resulting in an actuation output, the 

electromechanical actuation module operates and the 
aerosol valve is so fired, delivering medication to the 
patient's lungs. 



.detection 

•, but „.B Ot «>* 

ganged as transaacer, ^^^i„, aet 
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by the detection of the start of inhalation (using a very 
low first threshold value) , but if the patient falters in 
5 their inhalation and the second higher threshold value is 
not achieved (possibly within a preset time limit) , the 
fii'ing secpience could be ctborted without drug release. 
Alternatively, drug might be released but the patient 
then warned that delivery to the lungs may not have been 
10 fully effective. 

(C) Detection of a chanaing inhalation flow rate 

and the rate of its change framo^ 
If the rate of change is not within a preset window 
then the actuation sequence is not commenced. 
15 An inhaler which is triggered according to such 

control criterion may be arranged as follows: 

1. A flow- transducer, comprising one of the 
continuous sensing types described herein, detects and 
measures the inhalation flow rate and outputs a voltage, 

20 Vt (which depends on the flow rate) to an analogue to 
digital converter. 

2. The digitised value of Vt is fed to a 
microprocessor . 

3. The microprocessor computes the rate of 

25 inhalation flow rate change over fairly short (relative 
to the duration of an inhalation) but finite time 
intervals and compares this with the limits set for the 
flow rate ramp window (held in memory) . This operation 
is constantly repeated throughout the inhalation until 

30 the inhaler has been actuated or the inhalation has been 
•FAILED' . 

4. If the flow rate ramp data fall within set 
criteria held in memory, a suitable output is provided to 
the electromechanical actuation unit, causing it to 

35 actuate the aerosol valve and deliver a dose of 
medication. An 'OK' indication is also set. 
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5, If the flow rate ramp data falls outside the 
set criteria, the inhalation is failed as being 
unsuitable for satisfactory deposition of drug in the 
5 lungs, actuation of the inhaler is aborted and a •FAIL' 
indication is set. 

This arretngement facilitates optimisation of drug 
delivery to the lungs by ensuring that drug is only 
released if the rate of change of inhalation flow rate 

10 is within the optimum ' window If the rate of change 
were outside of the defined limits, the breath-actuation 
sequence would be aborted? alternatively, drug release 
might be permitted but the patient warned that drug 
delivery would have been sub-optimal. This feature would 

15 be of particular value in the case of too rapid an 

increase in flow rate, such that the flow rate at the 
time of actual inhalation of the drug would be so high as 
to result in a very high degree of impaction of drug in 
the upper airways and little penetration of the lower 

20 airways. 

(D) Detection of inhalation and integratio n of the 
miaasured flow rate ovier time to determine the 
inhaled volume 
The device is triggered when a preset inhaled volume 
25 is reached, providing a more direct method of ensuring 
that triggering occurs at a preset, ideally early, point 
in the inhalation. Volume measurement could, readily, be 
used in conjunction with dual threshold or ramp detection 
to further improve the degree of control. 
3 0 An inhaler which is triggered according to such 

control criterion may include the following arrangement: 

1. A flow-transducer, comprising one of the 
continuous sensing types described herein, detects and 
measures the inhalation flow rate and outputs a voltage, 

3 5 Vt, (which depends on the flow rate) to an analogue to 
digital converter. 

2. The digitised value of Vt is fed to a 
microprocessor . 
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3. The microprocessor monitors the inhaled volume 
by integrating flow rate over time and compares this 
volume with a pre-set value of triggering volume held in 

5 memory. 

4. If the inhaled volume reaches the pre-set 
value Cwithin any pre-set time limit also held in 
memory) , a suitable output is provided to the 
electromechanical actuation unit, enabling it to fire the 

10 aerosol valve, and an 'OK' indication is set. 

5. If the patient shotild fail to inhale the pre- 
set volume (within any pre-set time limit) , the 
inhalation is •FAILED* as being unsuitable for 
satisfactory deposition of drug in the lungs, actuation 

15 of the inhaler is aborted and a 'FAIL' indication is set. 

This arrangement is advantageous in that it is just 
as important to deliver the drug very early in the 
inspiration as it is to deliver it at a low inspiratory 
flow rate. Whilst triggering by means of detection of a 
20 low threshold flow rate might satisfy both the above 
criteria, use of inhaled volume measurements for 
triggering would provide more certain: and direct control 
cind would aid in optimising performance. 
(E) Teaching aid 
25 In addition to their use in controlling the 

triggering of the inhaler, the measurement modes in (B) , 
(C) and (D) could be used to provide a teaching aid for 
the patient. 

Providing a means for the patient to switch off the 
30 triggering circuitry, so that the device functions only 
as a flow sensor, would enable the patient to practice 
with the device, without drug being delivered, in order 
to improve their inhalation technique. Indication of 
their performance could be as simple as a pair of LED 
35 indicators, indicating satisfactory or poor technique, o 
could be more sophisticated with LCD display of actual 
parameters . 

\ 
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Use of the control modes described, particularly 
those of (B), (C) and (D) could have substantial benefits 
in patient eduction if used in a training mode, as in 
5 (E). Increased sophistication in inhalation drug 
delivery devices can only achieve its full potential 
benefit to the patient if the patient is able to produce 
a near optimum inhalation manoeuvre on a regular basis; 
there is little point in preventing release of drug when 

10 delivery is predicted to be sub-optimal if this results 
in the patient sometimes being unable to obtain a dose at 
all. Consequently, provision of a facility for the 
patient to practice using the device, without drug 
delivery but with provision of indication of the 

15 acceptability of his performance, would be of 

considerable importance. Along the same lines, it may be 
desirable to provide the option of allowing drug delivery 
under sub-optimal conditions, but with indication of poor 
compliance, so that the patient can be guided towards 

20 better technique without suffering the frustration of 
being unable to achieve drug delivery at all. 

Additionally the flow rate data may be stored in the 
device and down-loaded to a printer or computer for 
analysis and evaluation of patient progress. In a 

25 particularly sophisticated version of such a device, the 
sensor may be used to measure respiratory flow rate data 
including specific expiratory liuig fxmction parameters 
such as: 

FEVj^ (forced expiratory volume in 1 second) , 
30 PEFR (peak expiratory flow rate) , 

FVC (forced vital capacity); 
and optionally used to control delivery of precise 
amounts of aerosol ised medication in response to 
inhalation. 

35 The lung function data recorded could be: 

(1) logged for subsequent downloading onto a 
computer/printer for analysis at a clinic. 
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(2) displayed immediately for the patient to 
record on a chart and so monitor the trend of the illness 
with a view to changing the treatment if required, 

(3) manipulated electronically to indicate 
automatically the need for a change in treatment regimen, 
or to warn the patient to consult a physician, and, 

(4) optionally used to control the amount of 
medication to be dispensed. 

It will be appreciated that in the case of a 
pressurised aerosol, when the aerosol spray is released, 
there may be a sudden change in the output signal of the 
sensors, particularly from those sensors which measure 
cooling effects. The control means may be programmed 
with the expected profile of the signal change for 
release of the aerosol spray and compare the actual 
signal change during release of the aerosol spray with 
the expected profile to register the occurrence of spray 
release and/or indicate this to the patient. The control 
means may also compensate for the effect of the spray 
release upon the signal from the sensor in order to 
ensure accuracy of the measurement of the. air-flow rate. 

The invention will now be described with reference 
to the accompanying drawings in which: 

Figures 1, 2 and 3 and 4 illustrate inhalation 
devices in accordance with the invention, and 

Figures 5,. 6 and 7 represent block diagrams showing 
possible modes of operation for the inhalation device of 
Pigiires 3 and 4 . 

Figure 1 represents a diagram of an inhalation 
device in accordance with the invention which comprises a 
housing (2) containing an aerosol canister (4) equipped 
with a metered dose dispensing Valve. iThe valve stem (6) 
is securely held in a nozzle block (not shown) and the 
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valve is actuated by downward novenenl: of the aerosol 
canister. The valve is directed to fire medicament into 
chamber (8) which is in communication with mouthpiece 
5 (10). 

The device is primed for use by lever (12) which 
moves spring guide (14) compressing spring (16) against 
the base of the aerosol ccinister (4). Movement of the 
canister is prevented by blocking member (18). Blocking 

10 member (18) is held in position by compressed biasing 

spring (22) such that when the solenoid (20) is energised 
the blocking member will be pushed sideways to allow 
movement of the canister (4) thereby firing the valve. 
When the patient inhales through the mouthpiece 

15 (10) an airflow is established from air inlet (24) 

through the chamber (8) to the mouthpiece, which airflow 
impinges upon flow sensor (26) . The signal generated by 
the flow sensor (26) is conveyed via electrical 
conductors (28) to an electronic controller (30) which 

20 monitors the signal and actuates solenoid (20) at the 
appropriate time in the inspiration cycle. The 
electrical circuits are powered by battery (32) . 

The flow sensor (26) may be a heated resistive 
element ('hot wire anemometer") exposed to the airflow 

25 through the device. The fall in resistance caused by the 
cooling action of the inspiratory airflow is preferably 
used to create an electrical output signal by means of a 
Wheatstone bridge electrical circuit arrangement or 
similar. The output signal may be used to trigger 

30 medicament released and/or record inspiration data as 
discussed above. 

In a variation of this embodiment (not shown) , 
shielding means are provided to effect different degrees 
of cooling depending on the direction of the airflow, 

3 5 thereby differentiating between inhalation and 
expiration. 
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An alternative embodiment utilises the flow sensor 
(26) in the form of a heated semiconductor junction or 
thermistor whose impedance is temperature dependent and 
5 thus responsive to cooling by an airflow through the 

device. This type of sensor has the advantage over a hot 
wire anemometer of increased sensitivity, in addition, 
such devices may have particularly low thermal mass. 

In a further embodiment the flow sensor (26) is in 
10 the form of a thermocouple (junction of dissimilar 

metals) the voltage output of which, being related to its 
temperature, may be used to provide a measure of the air 
flow rate in a similar manner to the temperature sensor 
disclosed for the above embodiments. The other junction 
15 of the same two dissimilar metals (commonly called the 
"cold junction") would be located in a region of the 
device likely to be stable in temperature over the likely 
time period for which airflow is to be measured. 

In a further embodiment flow sensor (26) comprises 
20 a pyroelectric crystal material which is heated by a 
coil, the crystal being cooled by the airflow thereby 
modulating the electrical signal generated. The 
electrical signal may be used for triggering the device, 
calibration, data generation and storage etc., as 
25 described above. 

Referring to Figure 2 like parts to the device 
illustrated in Figure 1 are designated with identical 
numerals. The device dispenses dry powder which is 
introduced into the chamber (8) in a capsule (34) via 

30 inlet (24), the capsule being ruptured or split by spike 
(36). In use, the flow sensor (26) detects patient 
inspiration and the control means (30) actuates vibrator 
solenoid (38) at the appropriate time which vibrates the 
capsule (34) releasing powder into the airflow. Screen 

35 (40) prevents capsule fragments from reaching the 
fflouthpiece • 
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As soon as the 'READY* light (138) illuminates, a 
first timer (not shown) on the circuit board (135) begins 
to count down from a pre-determined value e.g. 10 seconds 
5 defining the 'ready period'. This is the period during 
which the patient must breath-activate the device. 

At the same time a second timer also starts to count 
down, from a longer time e.g. 20 seconds to define an 
•active period'. At the end of the 'active period' the 

10 inhaler powers down. 

When a patient inhales through the mouthpiece (101) , 
a flow of air is created such that air enters the device 
through the gap (142) at the top of the inhaler and 
finds a path around the periphery of the can (104) into 

15 the bottom region of the inhaler, where it is free to 
pass around the modified vane (107) and out of the 
mouthpiece (101). Unlike in a conventional Aerolin 
Autohaler inhaler, the vane (107) in the invention does 
not lift in the presence of a air flow. 

20 It has been found that the pressure difference 

created between the two measuring positions (103, 105) in 
the presence of an air flow from inlet to" mouthpiece, 
varies continuously with the flow rate through the 
mouthpiece (101), in a generally linear fashion between 

25 20 and 100 1/min. 

If, as a result of the patient inhaling through the 
mouthpiece, the pressure difference (and therefore the 
flow rate) reaches a pre-determined level during the 
•ready period •, the capacitor (133) is discharged through 

30 the coil of the solenoid (119), firing the can to release 
medicament. The pressure difference, or trigger level is 
adjustable via the single turn potentiometer (140) . 

When the solenoid is eneirgised by the capacitor 
(133) a magnetic field is rapidly created, by solenoidal 

35 action, which attracts the large part of the plunger 

(124) causing it to move against the action of the return 
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spring (121) , which it easily overcomes. Thus the 
actuator (125) is made to push on the rear of the vane' 
(107) causing it to pivot upwards. As the vane pivots 
5 upwards the mechanism operates as it would for a 
conventional 'Aerolin* 'Autohaler* inhaler and the 
medication is dispensed into the airstream in the usual 
way. 

If the trigger level is not achieved before the 
10 first timer has finished counting down, i.e., during the 
* ready period' either because the patient has not inhaled 
or because they have failed to reach the required flow 
rate, then the lamp or LED (139) illuminates to indicate 
that the patient has failed to breath-activate the 
15 device. The 'fail' LED (139) is prefereibly red in 
colour. 

If the patient succeeds in breath-activating the 
device during the • ready period • , the medicament is 
dispensed as previously described. At the end of the 

20 "ready period', the lamp or LED (138) is extinguished and 
the LCD turned on to display the maximum flow rate 
achieved prior to actuation, i.e., the triggering .flow 
rate. This is displayed iintil the end of the 'active 
period' when the second timer has finished counting down. 

25 At the end of the 'active period' the inhaler powers down 
until the next operation of the 'ON' button (137). 

If the patient fails to breath-activate the device 
during the 'ready period' the 'fail' light (139) 
illuminates. At the end of the 'ready period' the ready 

30 lamp or LED (138) is extinguished and the LCD (136) is 
turned on, but instead of showing the triggering flow 
rate it displays the maximum flow rate achieved during 
the 'ready period*. The device powers down at the en'i of 
the 'active period' as pteviously described. 

35 The lever (141) must then be lowered by the patient 

to reset the mechanism of the inhaler ready for priming 
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again when next required. Tests with such a device have 

demonstrated that a consistent triggering flow rate can 

be achieved at whatever potentiometer setting is chosen. 
5 Figure 5 is a block diagram of em inhaler circuit 

which uses a continuous flow sensor and analogue 

electronics to enable the triggering flow rate of the 

inhaler to be adjusted. 

The push button operates an electrical "on" switch 
10 (251) which connects the battery (250) to the rest of the 

circuit via a voltage converter (252) and starts an 

initialisation timer (253). 

The voltage converter (252) converts and regulates 

the 9V d.c. battery to produce +7.5V and -7.5V (nominal) 
15 on its output rails. These power rails supply all of the 

remaining electronic components except the solenoid 

driver (255) which has a separate power line. 

Whilst the initialisation tuner is counting down the 

solenoid driver (255) , in the form of a capacitor, is 
20 charging up. 

When the initialisation timer has reached zero 

(timed out), two further timers (254, 256) are started, 

one counts down from 20 seconds (254) and one from 10 

seconds (256) . At the same time the peak hold circuit 
25 (265) is reset and the ready logic (259) illuminates the 

ready indicator lamp (260) to tell the patient that the 

inhaler is ready to deliver medicament. 

Any flow through the mouthpiece is detected by the 

pressure transducer (262) which is turned on as soon as 
30 the inhaler powers up. The pressure transducer produces 

an output signal which, when applied to a scaling circuit 

(263), results in an output voltage proportional to the 

flow rate through the device. 

The scaled output voltage is applied to one side of 
35 comparator (264) and the other side of the comparator is 

connected to a reference voltage. The reference voltage 
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is adjusted by the set triggering level potentiometer 
(140) on the outside of the case. The potentiometer can 
be adjusted to a voltage which corresponds with the 
5 output voltage from the pressure transducer (after 
scaling) at a given flow rate. 

The output from the scaling circuit is also applied 
to the peak hold circuit (265) which updates each time 
the input voltage exceeds the previous highest input 
10 voltage, until a signal appears on its hold input. 

The output of the comparator, which changes 
according to which of the input voltages is the higher, 
is applied to the pass/fail logic (257) . 

If the pass/fail logic (257) detects a change in the 
15 comparator signal to indicate that the set triggering 

level has been exceeded and the 10 second timer (256) has 
not finished counting down to indicate the end of the 
ready period, then a signal is sent to the solenoid 
driver (255) to fire the aerosol. At the same time a 
20 signal is applied to the hold input on the peak hold 
circuit to capture the flow rate at which the device is 
triggered. 

When the 10 second timer (256) has finished counting 
down, the ready circuit (259) is reset and the ready 

25 indicator leunp (260) goes out. If the pass/fail logic 
has not received a signal from the comparator before the 
10 second timer (256) has counted down, the fail 
indicator lamp (258) is illxaminated. At the same time 
the LCD (136) is turned on to display the contents of the 

30 peak hold circuit. 

If the pass/fail logic indicates a fail situation, 
the display shows the peak level of flow attained during 
the ready period. However, if the device was breath- 
activated during the ready period, the peak hold circuit 

35 contains the value which was held at the instant the 

solenoid was actuated and the display therefore shows the 
triggering flow rate. 
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When the 20 second timer (254) reaches zero the 
electrical "on" switch is reset and the inhaler powers 
down» 

5 Figure 6 is a block diagram of an inhaler which uses 

a continuous flow sensor and analogue electronics to 
monitor flow rate at different times during respiration 
and activate a pressurised aerosol container. 

The push button operates an electrical "on" switch 
10 (268) which connects the battery (267) to the rest of the 
circuit via a voltage converter (269) and starts an 
iiiitialisation timer (270) . 

The voltage convertor (269) converts and regulates 
the 9V d,c. battery to produce +7.5V and -7.5V (nominal) 
15 on its output rails. These power rails supply all of the 
remaining electronic components except the solenoid 
driver which has a separate power line. 

Whilst the initialisation timer (270) is counting 
down the solenoid driver (272), in the form of a 
20 capacitor, is charging up. 

When the initialisation timer (270) has reached zero 
(timed out), two. further timer:s (271, 273) are started, 
one counts down from 20 seconds (271) and one from 10 
seconds (273). At the same time, the peak detect circuit 
25 (310) is reset and the ready logic (276) illuminates the 
ready indicator lamp (278) to tell the patient that the 
inhaler is ready to deliver medicament. 

Any flow through the mouthpiece is detected by the 
pressure transducer (280) which is turned on as soon as 
30 the inhaler powers up. The pressure transducer (280) 
produces an output signal which, when applied to a 
scaling circuit (281), results in an output voltage 
proportional to the flow rate through the device. 
The scaled output voltage is applied to two 
35 comparators (279, 282) and a peak detect circuit (310). 
One comparator (279) has a reference voltage applied to 
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it corresponding to the scaled output from the pressure 
transducer at a flow rate of 30 l/min (V ref 1) and the 
second comparator (282) has a reference voltage applied 
5 to it corresponding to the scaled output from the 
pressure transducer at a flow of 50 l/min (V REp2) . 

If the output from the 30 l/min comparator (279) 
changes, indicating that a flow rate of 30 l/min has been 
achieved, a signal is sent to the counter with hold 
10 (277)^ which starts to count. A voltage signal 

corresponding to the elapsed time indicated by the 
counter is constantly applied to the pass/fail logic 
(274). 

If the pass/ fail logic (274) detects a change in the 
15 voltage from the 50 l/min comparator, indicating that a 
flow rate of 50 l/min has been achieved, it checks its 
remaining inputs. Providing that the 10 second timer 
(273) has not reached zero and the elapsed time indicated 
by the counter (277) lies in the range 0-1 to 0.5 
20 seconds, a signal will be sent to the solenoid driver 
(272) to fire the aerosol, at the same time halting the 
counter. 

If the 10 second timer (273) reaches zero or the 
counter (277) reaches 0.5 seconds the pass/fail logic 
25 (274) registers a fail. Similarly if the counter (277) 
fails to reach 0.1 seconds or the 50 l/min comparator 
(282) never changes its output, a fail is registered. In 
the case of a fail, the fail indicator lamp (275) is 
illuminated. 

30 When the 10 second timer (273) reaches zero the 

ready logic (276) is reset and the ready light (278) is 
extinguished. At the same time the display logic (283) 
tvims on thj LCD (136) and gets a signal from the 
pass/fail logic (274) to indicate success or failure. In 

35 the case of a pass the display logic (283) gets a value 
from the counter (277) and the LCD (136) shows the time 
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between achieving a flow rate of 30 1/min and the device 
triggering^ at a flow rate of 50 1/min. In the case of a 
fail the display logic (283) gets a value from the peak 
5 detect circuit (310) and the LCD (136) shows the maximum 
flow rate attained during the ready period. 

When the 20 second timer (271) reaches zerov the 
electrical "on" switch is reset and the inhaler powers 
down. 

10 Figure 7 is a block diagram of an inhaler that uses 

a continuous flow sensor and analogue electronics to 
monitor the respired volume during respiration and 
activate a pressurised aerosol container. 

The push button operates an electrical on switch 
15 (285) which connects the battery (284) to the rest of the 
circuit via a voltage convertor (286) emd statrts an 
initialisation timer (287). 

The voltage convertor (286) converts and regulates 
the 9V d.c. battery to produce a +7.5V and -7.5V 
20 (nominal) on its output rails. These power rails supply 
all of the remaining electronic components except the 
solenoid driver (289) which has a separate power line. 

Whilst the initialisation timer (287) is counting 
down the solenoid driver (289) in the form of a 
25 capacitor, is charging up. 

When the initialisation timer (287) has reached zero 
(timed out), two further timers (288, 290) are started, 
one (288) counts down from 20 seconds and one (290) from 
10 seconds. At the same time the integrator (299) is 
30 reset and the ready logic (293) illuminates the ready 

indicator lamp (294) to tell the patient that the inhaler 
is ready to deliver medicament. 

Any flow through the mouthpiece is detected by the 
pressure transducer (297) which is turned on as soon as 
35 the inhaler powers up. The pressure transducer (297) 
produces an output signal which, when applied to a 
scaling circuit (298) results in an output voltage 
proportional to the flow rate through the device. 
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The scaled output voltage is applied to the 
integrator (299) and a sample and hold circuit (296) . 
The sample and hold circuit (296) updates continually 
until it receives a signal on its hold line, at which 
time it stops updating and holds the voltage from the 

scaling circuit. 

The output from the scaling circuit (298) is applied 
to the integrator (299) where it is summed over time, to 
produce an analogue voltage signal representative of the 
total volume of air flowing through the device. The 
integrated signal is applied to the comparator (295) 
where it is compared to a reference voltage Vref . The 
reference voltage is fixed at a level corresponding to 
15 the output that would be produced by the integrator after 
a flow volume of 0.2 litre. 

The output from the comparator (295) changes state 
when the output from the integrator exceeds Vref, this 
occurs when a volume of 0.2 litres has been measured. At 
20 the same time a signal is sent to the sample and hold 

circuit (296) , which captxires the signal from the scaling 
circuit (298) at the instant the 0.2 litres level is 
exceeded. The pass/fail logic (291) detects the change 
in the comparator output and providing the 10 second 
25 timer (290) has not timed out, it sends a signal to the 
solenoid driver (289) to fire the aerosol. 

If the pass/ fail logic (291) does not detect a 
change in the comparator output before the 10 second 
timer has timed out, the fail indicator lamp (292) is 
30 illuminated to register a fail. 

When the 10 second timer (290) reaches zero, the 
ready logic (293) is reset and the ready indicator lamp 
(294) is extinguished. At the same time the display 
logic (301) turns on the LCD (136) and gets a signal from 
35 the pass/fail logic (291) to indicate success or failure. 
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If the signal from the pass/fail logic (291) 
indicates a pass, then the display logic (301) gets a 
signal from the sample and hold circuit (296) 
5 corresponding to the flow rate attained at the instant 
the 0.2 litres volmne level was exceeded. If the logic 
indicates a fail then the display logic (301) gets a 
value from the integrator (299) which will be the total 
inhaled volume during the ready period* 

10 In either case the value is displayed on the LCD 

(136) until the 20 second timer (288) has counted down, 
at which time the electrical "on" switch is reset eind the 
inhaler powers down. 

Figures 5, 6 and 7 are block diagrams showing 

15 possible modes of operation of the device of Figures 3 
and 4. Whilst each mode of operation is shown 
separately, it will be appreciated that many of the 
components are common and the device may include a 
combination of the circuits with suitable switching means 

20 to select the desired mode of operation- 



wo 92/07599 



33 



PCr/GB91/01868 



CIAIMS 

1. A portable, battery operated, inhalation device for 
5 administration of medicament in the form of aerosolised 

fine particles or droplets of liquid or suspension to the 
respiratory system of a patient, the device comprising a 
housing defining a chamber in communication with a 
patient port in the form of a mouthpiece or nasal 

10 adaptor, medicament aerosol isat ion means for forming an 
aerosol of medicament in the chamber, control means to 
actuate the medicament aerosol isat ion means and a sensor 
which measures the air flow rate during respiration 
through the patient port and provides an electrical 

15 signal to the control means which varies continuously 

with said flow rate, said electrical signal being used by 
the control means for one or more of the following 
functions: 

(i) to calibrate the device such that the 
20 medicament aerosolisation means is actuated at a precise, 
pre-determined flow rate, 

(ii) to monitor one or more of the following 
parameters : 

(a) flow rate at different times during 
25 respiration, 

(b) rate of change of flow rate during 
respiration, 

(c) respired volume during respiration, 
and activate the aerosolisation means when a pre- 

30 determined inspiration parameter is attained - 

2. A device as claimed in Claim 1 which comprises a 
pressurised aerosol container. 

3. A device as claimed in Claim 1 which comprises means 
for introducing dry powder into the chamber. 

35 4. A device as claimed in any preceding Claim which 
additionally comprises calibration means such that the 
medicament aerosolisation means can be adjusted to 
activate at a precise, pre-determined flow rate. 
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5. A device as claimed in any preceding Claim in which 
the cont:rol means monitors the flow sensor at different 
times during inhalation and activates the medicament 

5 aerosol isat ion means when two pre-determined flow rates 
are achieved within a pre-determined time period. 

6. A device as claimed in any one of Claims 1 to 5 in 
which the control means monitors the rate of change of 
inhalation flow rate and actuates the medicament 

10 aerosol isat ion means at a pre-determined value or within 
a pre-determined range of values^ 

7. A device as claimed in any one of Claims 1 to 5 in 
which the control means monitors the inhaled volume and 
activates the medicament aerosol isat ion means when a pre- 

15 determined volume is reached. 

8. A device as claimed in any preceding Claim in which 
the control means comprises means for storing and 
optionally displaying information generated from the 
sensor. 

20 9. A device as claimed in any preceding Claim in which 
the control means is associated with means to display or 
record for future analysis.ia parameter relating to 
inspiration or expiration through the patient port, which 
parameter is generated from the electrical signal from 

25 the sensor. 

10. A device as claimed in Claim 1 in which the sensor 
comprises a hot wire anemometer, a thermistor, a heated 
semiconductor jxmction, a thermocouple, a heated 
pyroelectric crystal material, or a pressure differential 

30 transducer. 

11. A device as claimed in Claim 2 in which the control 
means is able to compare the sudden change in the output 
signal of the sensor in response to the release of the 
aerosol spray to an expected profile of signal change for 

35 release of said spray, and where such control mecins is 
used to either: 
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(a) register the occurrences of spray release 
and/or indicate this to the patient, 
and/ or 

5 (b) compensate for the effect of said sudden 

change upon the measurement of the air flow rate. 
12. A device as claimed in any preceding claim which 
additionally comprises means to deactivate that part of 
the control means actuating the medicament aerosolisation 
10 means. 
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